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ABSTRACT
We analyze D → PV , D → PP and D → V V decays within a model
developed to describe the semileptonic decays D → V lνl and D → P lνl.
This model combines the heavy quark effective Lagrangian and chiral per-
turbation theory. We determine amplitudes for decays in which the direct
weak annihilation of the initial D meson is absent or negligible, and in which
the final state interactions are small. This analysis reduces the arbitrariness
in the choice of model parameters. The calculated decay widths are in good
agreement with the experimental results.
I. INTRODUCTION
The nonleptonic D meson decays are challenging to understand theoreti-
cally [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. The short distance effects are
now well understood [15, 16], but the nonperturbative techniques required
for the evaluation of certain matrix elements are based on the approximate
models. Often the factorization approximation is used [17, 18, 9, 10, 11, 12].
The amplitude for the nonleptonic weak decay is then considered as a sum
of the “spectator” contribution (Fig. 1) and the “annihilation” contribution,
the direct annihilation of the initial heavy meson (Fig. 2). In the determina-
tion of the “spectator” contribution one uses the knowledge of the hadronic
matrix elements calculated in D meson semileptonic decays.
Recently we have developed a model for the semileptonic decays D →
V lνl and D → P lνl, where P and V are light JP = 0− and 1− mesons,
respectively [19]. This model combines the heavy quark effective theory
(HQET) and the chiral Lagrangians. HQET is valid at a small recoil mo-
mentum [20, 21] and can give definite predictions for heavy to light (D → V
or D → P ) semileptonic decays in the kinematic region with large momen-
tum transfer q2 to the lepton pair. Unfortunately, it cannot predict the q2
dependence of the form factors [20, 21]. For these reasons, we have modified
the Lagrangian for heavy and light pseudoscalar and vector mesons given by
the HQET and chiral symmetry [20]. Our model [19] gives a natural expla-
nation of the pole-type form factors in the whole q2 range, and it determines
which form factors have a pole-type or a constant behaviour, confirming the
results of the QCD sum rules analysis [22]. To demonstrate that this model
works well, we have calculated the decay widths in all measured charm me-
son semileptonic decays [19]. The model parameters were determined by the
experimental values of two measured semileptonic decay widths. The predic-
tions of the model are in good agreement with the remaining experimental
data on semileptonic decays.
Another problem in the analysis of nonleptonic D meson decays is the
final state interactions (FSI) [9, 10, 11, 12, 17, 18]. These arise from the
interference of different isospin states or the presence of intermediate res-
onances, and both spectator and annihilation amplitudes can be affected.
The FSI are especially important for the annihilation contribution, which
can often be successefully described by the dominance of nearby scalar or
1
pseudoscalar resonances [9, 10, 11, 12]. The effective model developed to
describe the D → V (P )lνl decay widths [19] contains only light vector and
pseudoscalar final states and, therefore, is not applicable to the annihilation
amplitudes. Consequently, in the present paper we only apply this effective
model to analyze those D → PV , D → PP , and D → V V decays in which
the annihilation amplitude is absent or negligible. Other FSI might arise as
a result of elastic or inelastic rescattering. In this case, the two body nonlep-
tonic D meson decay amplitudes can be written in terms of isospin amplitudes
and strong interaction phases [3]. As usual, we assume that the important
contributions to FSI are included in these phases. In fact, we will avoid the
effects of the FSI strong interaction phases by considering only the D me-
son decay modes in which the final state involves only a single isospin. Our
analysis then includes the decays D+ → K¯∗0π+, D+ → ρ+K¯0, D+ → K¯0π+,
D+ → K¯∗0ρ+, D+ → Φπ+, D+s → Φπ+, D+s → Φρ+, D0 → Φω0, D0 → Φη,
D+ → ρ+η(η′) and D0 → ω0η(η′).
To evaluate the spectator graphs for nonleptonic decays (Fig. 1) we
use the form factors for the D → V and D → P weak decays, calculated
for the semileptonic decays [19]. This explores how well their particular q2
behavior also to explains the nonleptonic decay amplitudes. At the same
time the analysis of the nonleptonic decays enables us to choose between
different solutions for the model parameters found in the semileptonic decays,
determining the set of the solutions which are in the best agreement with
the experimental results for the nonleptonic decay widths. Moreover, we
obtain a value for the parameter β, which can not be determined from the
semileptonic decay alone, but enters in the nonleptonic decays.
The paper is organized as follows: In Sec. II we present the effective
Lagrangian for heavy and light pseudoscalar and vector mesons, determined
by the requirements of HQET and chiral symmetry, and we briefly review
the results previously obtained for the D → V lνl, D → P lνl decays [19]. In
Sec. III we analyze the nonleptonic decay widths. Finally, a short summary
of the results is given in Sec. IV.
II. THE HQET AND CHPT LAGRANGIAN FOR D → V (P )lν
We incorporate in our Lagrangian both the heavy flavour SU(2) sym-
2
metry [23], [24] and the SU(3)L × SU(3)R chiral symmetry, spontaneously
broken to the diagonal SU(3)V [25], which can be used for the description of
heavy and light pseudoscalar and vector mesons. A similar Lagrangian, but
without the light vector octet, was first introduced by Wise [21], Burdman
and Donoghue [26], and Yan et al. [27]. It was then generalized with the
inclusion of light vector mesons in [1], [20], [28].
The light degrees of freedom are described by the 3×3 Hermitian matrices
Π =


pi0√
2
+ η8√
6
+ η0√
3
π+ K+
π− −pi
0√
2
+ η8√
6
+ η0√
3
K0
K− K¯0 − 2√
6
η8 +
η0√
3

 , (1)
and
ρµ =


ρ0µ+ωµ√
2
ρ+µ K
∗+
µ
ρ−µ
−ρ0
µ
+ωµ√
2
K∗0µ
K∗−µ K¯
∗0
µ Φµ

 (2)
for the pseudoscalar and vector mesons, respectively. The mass eigenstates
are defined by η = η8 cos θP − η0 sin θP and η′ = η8 sin θP + η0 cos θP , where
θP = (−20± 5)o [30] is the η− η′ mixing angle. The matrices (1) and (2) are
conveniently written in terms of
u = exp(
iΠ
f
) , (3)
where f is the pseudoscalar decay constant, and
ρˆµ = i
gV√
2
ρµ , (4)
where gV = 5.9 is given by the values of the vector masses since we assume
the exact vector dominance [19]. Introducing the vector and axial currents
Vµ = 12(u†∂µu+u∂µu†) and Aµ = 12(u†∂µu−u∂µu†) and the gauge field tensor
Fµν(ρˆ) = ∂µρˆν−∂ν ρˆµ+[ρˆµ, ρˆν ] the light meson part of the strong Lagrangian
can be written as
3
Llight = − f
2
2
{tr(AµAµ) + 2 tr[(Vµ − ρˆµ)2]}
+
1
2g2V
tr[Fµν(ρˆ)F
µν(ρˆ)] . (5)
Both the heavy pseudoscalar and the heavy vector mesons are incorpo-
rated in the 4× 4 matrix
Ha =
1
2
(1+6v)(D∗aµγµ −Daγ5) , (6)
where a = 1, 2, 3 is the SU(3)V index of the light flavours andD
∗
aµ andDa an-
nihilate a spin 1 and spin 0 heavy meson cq¯a of velocity v, respectively. They
have a mass dimension 3/2 instead of the usual 1, so that the Lagrangian is
explicitly mass independant in the heavy quark limit mc →∞. Defining
H¯a = γ
0H†aγ
0 = (D∗†aµγ
µ +D†aγ5)
1
2
(1+6v) , (7)
we can write the leading order strong Lagrangian as
Leven = Llight + iT r(Havµ(∂µ + Vµ)H¯a)
+ igT r[Hbγµγ5(Aµ)baH¯a] + iβTr[Hbvµ(Vµ − ρˆµ)baH¯a]
+
β2
4f 2
Tr(H¯bHaH¯aHb) . (8)
This Lagrangian contains two unknown parameters, g and β, which are not
determined by symmetry arguments, and must be determined empirically.
This is the most general even-parity Lagrangian of leading order in the heavy
quark mass (mQ → ∞) and the chiral symmetry limit (mq → 0 and the
minimal number of derivatives).
We will also need the odd-parity Lagrangian for the heavy meson sector.
The lowest order contribution to this Lagrangian is given by
Lodd = iλTr[HaσµνF µν(ρˆ)abH¯b] . (9)
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The parameter λ is free, but we know that this term is of the order 1/Λχ
with Λχ being the chiral perturbation theory scale [29].
In our calculation of the D meson semileptonic decays to leading order
in both 1/M and the chiral expansion we previously showed that the weak
current is [19]
Jµa =
1
2
iαTr[γµ(1− γ5)Hbu†ba]
+ α1Tr[γ5Hb(ρˆ
µ − Vµ)bcu†ca]
+ α2Tr[γ
µγ5Hbvα(ρˆ
α − Vα)bcu†ca] + ... , (10)
where α = fD
√
mD [21]. The α1 term was first considered in [20]. We found
[19] that the α2 gives a contribution of the same order in 1/M and the chiral
expansion as the term proportional to α1.
The H → V and H → P current matrix elements can be quite generally
written as
< V(i)(ǫ, p
′)|(V − A)µ|H(p) >= − 2V
(i)(q2)
mH +mV (i)
ǫµναβǫ∗νpαp
′
β
−iǫ∗.q2mV (i)
q2
qµA
(i)
0 (q
2) + i(mH +mV (i))(ǫ
∗
µ −
ǫ∗.q
q2
qµ)A
(i)
1 (q
2)
− iǫ
∗.q
mH +mV (i)
[
(p+ p′)µ −
m2H −m2V (i)
q2
qµ
]
A
(i)
2 (q
2) , (11)
and
< P(i)(p
′)|(V − A)µ|H(p) > = [(p+ p′)µ −
m2H −m2P (i)
q2
qµ]F
(i)
1 (q
2)
+
m2H −m2P (i)
q2
qµF
(i)
0 (q
2) , (12)
where, q = p−p′ is the exchanged momentum and the index (i) specifies the
particular final meson, P or V . In order that these matrix elements be finite
at q2 = 0, the form factors must satisfy the relations
A0(0) +
mH +mV
2mV
A1(0)− mH −mV
2mV
A2(0) = 0 . (13)
5
F1(0) = F0(0) . (14)
and, therefore, are not free parameters.
In order to extrapolate the amplitude from the zero recoil point to the
rest of the allowed kinematical region we have made a very simple, physically
motivated, assumption: the vertices do not change significantly, while the
propagators of the off-shell heavy mesons are given by the full propagators
1/(p2 −m2) instead of the HQET propagators 1/(2mv · k) [19]. With these
assumptions we are able to incorporate the following features: the HQET
prediction almost exactly at the maximum q2; a natural explanation for the
pole-type form factors when appropriate; and predictions of flat q2 behaviour
for the form factors A1 and A2, which has been confirmed in the QCD sum-
rule analysis of [22].
Finally, we include SU(3) symmetry breaking by using the physical masses
and decay constants shown in Table . The decay constants for the η and η′
were taken from [31], for the light vector mesons from [11] and for the D
mesons from [32], [33] and [34].
The relevant form factors for D → V decays defined in (11) calculated in
our model [19], are
1
KV (i)
V (i)(q2) = (mH +mV (i))
(
2
mH′∗(i)
mH
) 1
2 mH′∗(i)
q2 −m2H′∗(i)
fH′∗(i)λ
gV√
2
(15)
1
KV (i)
A
(i)
0 (q
2) =
[ 1
mV (i)
(
mH′(i)
mH
) 1
2 q2
q2 −m2H′(i)
fH′(i)β
+
√
mH
mV (i)
α1 − 1
2
q2 +m2H −m2V (i)
m2H
√
mH
mV (i)
α2
] gV√
2
, (16)
1
KV (i)
A
(i)
1 (q
2) = − 2
√
mH
mH +mV (i)
α1
gV√
2
(17)
(18)
and
1
KV (i)
A
(i)
2 (q
2) =
[
− mH +mV (i)
mH
√
mH
α2
] gV√
2
, (19)
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where the pole mesons and the constants KV (i), which contribute to the
corresponding processes D → PV and D → V(1)V(2) are given in Tables and
, respectively.
We determined the three parameters (λ, α1, α2) in [19] using the three
measured values of helicity amplitudes Γ/ΓTOT = 0.048 ± 0.004, ΓL/ΓT =
1.23 ± 0.13 and Γ+/Γ− = 0.16 ± 0.04 for the process D+ → K¯∗0l+νl, taken
from the Particle Data Group average of all the data [30]. The parameter
β could not be determined from this decay rate, since A0(q
2) cannot be
observed in the semileptonic decays.
The model parameters appear linearly in the form factors (15)-(19), so
the polarized decay rates Γ0, Γ+ and Γ− are quadratic functions of them. For
this reason there are 8 sets of solutions for the three parameters (λ,α1,α2). It
was found from the analysis of the strong decays D∗ → Dπ and electromag-
netic decays D∗ → Dγ [28], that the parameter λ has the same sign as the
parameter λ′, which describes the contribution of the magnetic moment of
the heavy (charm) quark. In the heavy quark limit we have λ′ = −1/(6mc).
Assuming that the finite mass effects are not so large as to change the sign,
we find that λ < 0. Therefore only four solutions remain. They are shown
in Table .
The calculated branching ratios and polarization variables for the other
semileptonic decays of the type D → V are in agreement with all the known
experimental data [19].
In our approach the form factors for D → P decays are given by [19]
1
KP (i)
F
(i)
1 (q
2) =
1
fP (i)
(−fH
2
+ gfH′∗(i)
mH′∗(i)
√
mHmH′∗(i)
q2 −m2H′∗(i)
) , (20)
1
KP (i)
F
(i)
0 (q
2) =
1
fP (i)
(
−fH
2
− gfH′∗(i)
√
mH
mH′∗(i)
+
q2
m2H −m2P (i)
[
−fH
2
+ gfH′∗(i)
√
mH
mH′∗(i)
]
)
. (21)
where the pole mesons and the constants KP (i), which contribute to the
corresponding processes D → PV and D → P(1)P(2) are given in Table and
respectively. We neglected the lepton mass, so the form factor F0, which
multiplies qµ, did not contribute to the decay width.
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Using the best known experimental branching ratio - B[D0 → K−l+νl] =
(3.68± 0.21)% [30], we found two solutions for g:
SOL. 1 : g ≡ g> = 0.15± 0.08 ,
SOL. 2 : g ≡ g< = −0.96± 0.18 . (22)
The quoted error for g> is mainly due to the uncertainty in the value fD, while
the quoted error for g< is mainly due to the uncertainty in fD∗
s
. Unfortunately
we were not able to choose between the two possible solutions for g in (22).
III. NONLEPTONIC DECAYS
The effective Hamiltonian for charm decays is given by
Hw =
GF√
2
VciV
∗
uj{a1(u¯Γµqj)(q¯iΓµc) + a2(u¯Γµc)(q¯iΓµqj)} (23)
where Vqq′ is an element of the CKM matrix, i and j stand for d or s quark
flavours, Γµ = γµ(1− γ5), and a1 and a2 are the Wilson coefficients:
a1 = 1.26± 0.04 a2 = −0.51± 0.05 . (24)
These values are taken from [15, 17, 18, 5] and they are in agreement with
the next-to-leading order calculation [16]. The factorization approach in two
body nonleptonic decays means one can write the amplitude in the form
< AB|q¯iΓµqj q¯kΓµc|D > = < A|q¯iΓµqj|0 >< B|q¯kΓµc|D >
+ < B|q¯iΓµqj|0 >< A|q¯kΓµc|D >
+ < AB|q¯iΓµqj |0 >< 0|q¯kΓµc|D > . (25)
In our calculations we take into account only the first two contributions. The
last one is the annihilation contribution (Fig. 2), which is absent or negligible
in the particular decay modes we consider. In other decays this contribution
was found to be rather important [17, 18, 11, 4]. It was pointed out in [17,
18, 10, 12] that the simple dominance by the lightest scalar or pseudoscalar
8
mesons in < AB|q¯iΓµqj |0 > can not explain the rather large contribution
present in some of the nonleptonic decays, which we will not consider. Our
model [19], being rather poor in the number of resonances, is applicable to the
analysis of the spectator amplitudes, but not the annihilation contributions.
We will use the following definitions of the light meson and the heavy
meson couplings:
< P (p)|jµ|0 > = −ifP pµ, (26)
< V (p, ǫ∗)|jµ|0 > = mV fV ǫ∗µ, (27)
< 0|jµ|D(P ) > = −ifDmDvµ, (28)
< 0|jµ|D∗(ǫ, P ) > = imD∗fD∗ǫµ, (29)
Then using (11) and (12) we can write the amplitude for the nonleptonic
decay D → PV processes (Fig. 1a) as
M(D(p)→ PV (ǫ∗)) = GF√
2
ǫ∗ · p 2mV [−wVKV fP A0(m2P )
+ wPKP fV F1(m
2
V )] (30)
The factors wV , wP , KV and KP are given in Table , while the masses and
decay constants are given in Table . In the cases when the η and η′ mesons
are in the final state the factors KV and KP depend on the η − η′ mixing
angle θP and decay constants fη and fη′ through the functions f1mix, f
′
1mix,
f2mix and f
′
2mix defined by
f1mix =
fη√
8
[
1 + c2
fη
+
sc
fη′
]
f ′1mix =
fη′√
8
[
sc
fη
+
1 + s2
fη′
]
f2mix =
fη√
8
[
1− 5c2
fη
− 5sc
fη′
]
f ′2mix =
fη′√
8
[
−5sc
fη
+
1− 5s2
fη′
] , (31)
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where s = sin θP and c = cos θP .
In Fig. 1b we show the contributions to the decay D → P1P2, which leads
to the amplitude
M(D(p)→ P(1)P(2)) = GF√
2
[−iw1 KP (1) fP (2) (m2H −m2P (1)) F (1)0 (m2P (2))
− iw2KP (2) fP (1) (m2H −m2P (2)) F (2)0 (m2P (1))] (32)
The factors w1, w2, KP (1) and KP (2) are presented in Table .
Finally, we find the D → V(1)V(2) decay amplitude (Fig. 1c) to be
M(D(p)→ V(1)(p1, ǫ1), V(2)(p2, ǫ2)) = (33)
GF√
2
(
w1KV (1) fV (2) mV (2) ǫ2µ
[
−2V
(1)(m2V (2))
mH +mV (1)
εµναβ ǫ∗1ν pα p1β
+ i(mH +mV (1)) A
(1)
1 (m
2
V (2)) ǫ
µ∗
1 − i
A
(1)
2 (m
2
V (2))
mH +mV (1)
ǫ∗1 · pV 2 (p+ pV 1)µ
]
+ w2KV (2) fV (1) mV (1) ǫ1µ
[
−2V
(2)(m2V (1))
mH +mV (2)
εµναβ ǫ∗2ν pα p2β
+ i(mH +mV (2)) A
(2)
1 (m
2
V (1)) ǫ
µ∗
2 − i
A
(2)
2 (m
2
V (1))
mH +mV (2)
ǫ∗2 · pV 1 (p+ pV 2)µ
])
The factors w1, w2, KV (1) and KV (2) for D → V(1)V(2) processes are given in
Table .
In order to avoid the strong interaction final state effects in the interfer-
ence between different final isospin states we analyze decays in which the final
state involves only a single isospin. This occurs when there is an isospin zero
particle in the final state (ω, Φ, η, η′), or when a final state has the maximal
third component of the isospin; for example, D+ → K¯∗0π+, D+ → ρ+K¯∗0,
D+ → K¯0π+ and D+ → K¯∗0ρ+ with |I, I3 >= |3/2, 3/2 >).
Our analysis of semileptonic decays D → V (P )lνl [19] left some am-
biguity in the choice of the model parameters: there are two values of g,
(g<andg>) (22) and four solutions for the parameters (λ, α1, α2) (Table ).
The calculated nonleptonic decay amplitudes depend on the choice of these
parameters. However, although the uncertainties are quite large, they are
mostly due to the calculated errors in g< and g> (22), which is in turn due to
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the uncertainty in fD and fD∗
s
. The only parameter that is not constrained
by the semileptonic decay data is the parameter β in the form factor A0, but
the predictions for the nonleptonic decay rates are not very sensitive to β.
¿From (30) and (16) it can easily be seen that β appears multiplied by m2P
in the D → PV decay width and is only significant for the decays D → PV ,
where P is K, η or η′.
First we discuss the results for the decay amplitudes which depend only on
the form factors F0 and F1 and consequently only on the parameter g; namely,
D+ → K¯0π+, D+ → Φπ+, D+s → ρ+η(η′), D0 → Φη and D0 → Φπ0. The
predicted branching ratios for the two different values g< and g> are given
in Table . The comparison with the experimental data in Table 6 does not
exclude either of the values for g, g< or g>. For example, Fig. 3 presents the
dependence of the branching ratio for D+ → K¯0π+ on the parameter g to
illustrate that the uncertainty in the calculation depends sensitively on the
uncertainty in the value g. However, the calculated rates shown in Table do
agree with the experimental data though the errors are quite large, except
perhaps for the decay D+s → ρ+η′.
Next, we summarize the results obtained for the decays which depend
only on the form factors V , A0, A1 and A2, and consequently only on the
parameters (λ, α1, α2); namely, D
+
s → Φπ+, D+s → Φρ+, D0 → Φρ0 and
D+ → K¯∗0ρ+. The decay D+s → Φπ+ depends also on the parameter β, but
this dependence is very slight, since the light pseudoscalar meson in the final
state is a π. The branching ratios for the sets I, II, III and IV in Table with
β = 0 are shown in the Table . The results for all sets are in rather good
agreement with the experimental data, with the exception of D0 → Φρ0,
which we do not understand.
In addition to the above two types of nonleptonic decays, there are two
measured branching ratios for D+ → K¯∗0π+ and D+ → ρ+K¯0. Their decay
amplitudes depend on both g and the parameters λ, α1, α2. The branching
ratio for D+ → K¯∗0π+, which is not sensitive to β since the π mass is small,
excludes the parameter g<, the sets II and IV, and prefers
g = g> = 0.15± 0.08 and theset I (Table ) .
¿From the D+ → ρ+K¯0 decay, which has K pseudoscalar meson in the final
state, one can then estimate the parameter β. Unfortunately, this decay has
a considerable experimental error, BR = (6.6 ± 2.5)% [30], which results in
large error in β:
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β = 3.5± 3 . (34)
The predictions for the branching ratios for the other possible decays are
presented in Table assuming set I for λ, α1 and α2, g = g> = 0.15 ± 0.08
and β = 3.5±3. The quoted errors are due to the uncertainties in the model
parameters, mainly g.
VI. SUMMARY
We have calculated the branching ratios for the nonleptonic decay modes
D → PV , D → P1P2 and D → V1V2 in which the annihilation contribution
is absent or negligible, and in which the final state involves only a single
isospin in order to avoid the effects of strong interaction phases. Factorization
of the matrix elements was then assumed and we used the effective model
developed to describe the semileptonic decays D → V (P )lνl to calculate the
nonleptonic matrix elements. We reproduced the experimental results for
branching ratios for the D+ → K¯∗0π+, D+ → ρ+K¯0, D+s → Φπ+, D+s →
ρ+η, D+ → K¯0π+, D+s → Φρ+ and D+ → K¯∗0ρ+ decays, albeit within
substantial uncertainties. We also determined the set of parameters λ, α1 , α2
and g, which gave the best agreement with the experimental results and used
this set of parameters to estimate the parameter β from the branching ratio
for D+ → ρ+K¯0. We then made the predictions for a number of nonleptonic
decay rates which have not yet been measured.
This work was supported in part by the Ministry of Science and Technol-
ogy of the Republic of Slovenia (B.B., S.F. nad S.P.), by the U.S. Department
of Energy, Division of High Energy Physics, under grant No. DE-FG02-91-
ER4086 (R.J.O.) and by the British Royal Society (B.B.).
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FIGURE CAPTIONS
Fig. 1: Spectator contributions to nonleptonic two-body D meson decay:
(a) D → PV , (b) D → P1P2 and (c) D → V1V2. The black boxes represent
the effective weak interaction and P and V are light psudoscalar and vector
mesons, resepctively.
Fig. 2: Annihilation contributions to nonleptonic two-body D meson
decays. The black box repersents the effective weak interaction.
Fig. 3: The branching ratio for D+ → K¯0π+ dependance on g. The
solid parts of the dashed line indicate the allowed ranges of g< and g>.
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H mH fH P mP fP V mV fV
D 1.87 0.21± 0.04 π 0.14 0.13 ρ 0.77 0.216
Ds 1.97 0.24± 0.04 K 0.50 0.16 K∗ 0.89 0.216
D∗ 2.01 0.21± 0.04 η 0.55 0.13± 0.008 ω 0.78 0.156
D∗s 2.11 0.24± 0.04 η′ 0.96 0.11± 0.007 Φ 1.02 0.233
Table 1: The pole masses and decay constants in GeV.
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H V P H ′ H ′∗ wV KV wP KP
D+ K¯∗0 π+ D+s D
∗0 a1c2 1 a2c2 1
D+ ρ+ K¯0 D0 D∗+s a2c
2 1 a1c
2 1
D+s Φ π
+ D+s a1c
2 1 0 0
D+ Φ π+ D∗0 0 0 a2sc 1
D0 Φ π0 D∗0 0 0 a2sc 1/
√
2
D+s ρ
+ η D∗+s 0 0 a1c
2 f2mix
D+s ρ
+ η′ D∗+s 0 0 a1c
2 f
′
2mix
D+ ρ+ η D0 D∗+ a2sc(f2mix − f1mix) 1 −a1sc f1mix
D+ ρ+ η′ D0 D∗+ a2sc(f ′2mix − f ′1mix) 1 −a1sc f ′1mix
D0 Φ η D∗0 0 0 a2sc f1mix
D0 Φ η′ D∗0 0 0 a2sc f ′1mix
D0 ω η D0 D∗0 a2sc(f1mix − f2mix) 1/
√
2 a2sc f1mix/
√
2
D0 ω η′ D0 D∗0 a2sc(f ′1mix − f ′2mix) 1/
√
2 a2sc f
′
1mix/
√
2
Table 2: The pole mesons and the constants wV , KV , wP and KP for the
Cabibbo allowed and Cabibbo suppressed D → V P decays. Here c = cos θC
and s = sin θC and θC is the Cabibbo angle. The f1mix, f
′
1mix, f2mix and
f ′2mix are functions of the η-η
′ mixing angle θP and decay constants fη, fη′
given in the equation (31).
H V1 V2 H
′∗
1 H
′∗
2 w1 KV (1) w2 KV (2)
D+ K¯∗0 ρ+ D∗+s D
∗0 a1c2 1 a2c2 1
Ds ρ
+ Φ D∗+s a1c
2 1 0 0
D0 ρ0 Φ D∗0 a2sc 1/
√
2 0 0
D+ ρ+ Φ D∗0 a2sc 1 0 0
D0 ω Φ D∗0 a2sc 1/
√
2 0 0
Table 3: The pole mesons and the constants w1, KV (1), w2 and KV (2) for
the Cabibbo allowed and Cabibbo suppressed D → V(1)V(2) decays. Here
c = cos θC and s = sin θC and θC is the Cabibbo angle.
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λ [GeV−1] α1 [GeV1/2] α2 [GeV1/2]
Set 1 −0.34± 0.07 −0.14± 0.01 −0.83± 0.04
Set 2 −0.34± 0.07 −0.14± 0.01 −0.10± 0.03
Set 3 −0.74± 0.14 −0.064± 0.007 −0.60± 0.03
Set 4 −0.74± 0.14 −0.064± 0.007 +0.18± 0.03
Table 4: Four possible solutions for the model parameters as determined by
the D+ → K¯∗0l+νl data.
H P1 P2 H
′∗
1 H
′∗
2 w1 KP (1) w2 KP (2)
D+ K¯0 π+ D∗+s D
∗0 a1c2 1 a2c2 1
Table 5: The pole mesons and the constants w1, KP (1), w2 and KP (2) for the
D → P(1)P(2) decay. Here c = cos θC and s = sin θC and θC is the Cabibbo
angle.
Bth[%] Bth[%] Bexp[%]
g = g< = −0.96± 0.18 g = g> = 0.15± 0.08
D+ → Φπ+ 0.60± 0.41 0.40± 0.12 0.61± 0.06
D+s → ρ+η 9.1± 7.2 9.0± 2.5 10.3± 3.2
D+s → ρ+η′ 4.5± 3.0 4.5± 1.3 12.0± 4.5
D+ → K¯0π+ 4.23± 2.2 2.2± 0.7 2.74± 0.29
D0 → Φη 0.02± 0.02 0.018± 0.005 < 0.28
D0 → Φπ0 0.08± 0.52 0.07± 0.02 < 0.14
Table 6: The braching ratios for the decays that depend only on the pa-
rameter g. The second and third column give the predictions for the two
possible values g< and g>, while the fourth column gives the experimental
braching ratios [30]. The theoretical error bars are due to the uncertainty of
the parameter g.
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Bth[%] Bth[%] Bth[%] Bth[%] Bexp[%]
set I set II set III set IV
D+s → Φπ+ 5.6± 0.3 2.2± 0.1 5.1± 0.3 3.5± 1.0 3.6± 0.9
D+s → Φρ+ 4.4± 0.8 7.5± 1.0 3.5± 1.1 5.0± 1.5 6.7± 2.3
D0 → Φρ0 0.029± 0.005 0.038± 0.007 0.012± 0.004 0.017± 0.005 0.11± 0.03
D+ → K¯∗0ρ+ 2.9± 0.4 5.2± 0.7 2.7± 1.1 3.8± 1.4 2.1± 1.4
D+ → Φρ+ 0.14± 0.03 0.19± 0.03 0.06± 0.02 0.085± 0.03 < 1.5
D0 → Φω 0.028± 0.004 0.036± 0.004 0.011± 0.004 0.015± 0.004 < 0.21
Table 7: The braching ratios for the decays that depend only on the set of
parameters α1, α2, λ with β = 0. The second, third, fourth and fifth columns
give the predictions for sets I, II, III and IV, while the sixth column gives
the experimental braching ratios [30]. The theoretical error bars are due to
the uncertainty in parameters α1, α2 and λ.
20
decay Bth[%] Bexp[%]
D+ → K¯∗0π+ 2.4± 1.2 1.92± 0.19
D+ → ρ+K¯0 6.6± 3.0 6.6± 2.5
D+ → Φπ+ 0.40± 0.12 0.61± 0.06
D+s → Φπ+ 5.4± 0.5 3.6± 0.9
D+s → ρ+η 9.0± 2.5 10.3± 3.2
D+s → ρ+η′ 4.5± 1.3 12.0± 4.5
D+ → K¯0π+ 2.2± 0.7 2.74± 0.29
D+s → Φρ+ 4.4± 0.8 6.7± 2.3
D0 → Φρ0 0.029± 0.005 0.11± 0.03
D+ → K¯∗0ρ+ 2.9± 0.4 2.1± 1.4
D+ → ρ+η 0.05± 0.9
0.05
< 1.2
D+ → ρ+η′ 0.02± 0.2
0.02
< 1.5
D0 → Φη 0.018± 0.005 < 0.28
D0 → ωη 0.09± 0.03 −
D0 → ωη′ 0.015± 0.015 −
D0 → Φπ0 0.07± 0.02 < 0.14
D+ → Φρ+ 0.14± 0.03 < 1.5
D0 → Φω 0.028± 0.004 < 0.21
Table 8: The predicted (column two) and measured [30] (column three)
branching ratios. The theoretical predictions are calculated for the optimal
choice of the parameters: g = 0.15 ± 0.08, β = 3.5 ± 3 and set I (Table ).
The theoretical error bars are due to the uncertainty in parameters g, β, α1,
α2 and λ.
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